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The Incidence of Chlamydia pneumoniae Lower Respiratory Tract
Infections Among University Students in Northern California

DEBRA K. KATZMAN, MD, ANN C. TIPTON, MD, and IRIS F. LITT, MD, Stanford; IRA M. FRIEDMAN, MD, San Francisco;
RICHARD W. EMMONS, MD, PhD, Berkeley; and JULIUS SCHACHTER, PhD, San Francisco, Califomia

Chlamydia pneumoniae has recently been identified as a cause of lower respiratory tract infections. From March 1987 to
March 1988, 259 university students-1 51 students with lower respiratory tract infections and 108 controls-from the
University of California, Berkeley, were studied to determine the incidence and pattern of Cpneumoniae lower respiratory
tract infections. Serologic evidence of a recent Cpneumoniae infection was found in less than 2%, and the organism was

not isolated from any of the subjects. Despite the paucity of evidence of a recent infection, 47.5% of this university
population showed serologic evidence of a previous C pneumoniae infection. The lower incidence of C pneumoniae
infection in our population, when compared with previous reports, suggests that there may be geographic and temporal
differences or fluctuations among populations.
(Katzman DK, Tipton AC, Litt IF, Friedman IM, Emmons RW, SchachterJ: The incidence of Chlamydia pneumoniae lower respiratory tract infections
among university students in northern California. West J Med 1991 Aug; 155:136-139)

Chlamydia pneumoniae, a new species within the genus
Chlamydia, has recently been identified as a cause of

acute respiratory tract infection including pneumonia.1-6 The
organism was originally called TWAR after the laboratory
designation oftwo early isolates, TW 183 and AR 39. TWAR
strains had been tentatively classified as Chlamydia psittaci
based on their inclusion morphology in HeLa cells and be-
cause of their failure to stain with iodine.6'8 In a study at the
University of Washington (Seattle) from 1984 through 1986,
the TWAR organism was identified in 8 of 13 students with
pneumonia who had serologic evidence of TWAR infection.
This study was particularly important because the recovery
of the TWAR organism reduced the likelihood that the sero-
logic findings reflected polyclonal stimulation or cross-
reactive antigens from other bacteria. Thus, the study helped
establish the etiologic role ofTWAR in acute respiratory tract
disease. 1

Seroepidemiologic studies have provided evidence that C
pneumoniae causes human infection more often than any
other chlamydia, including all Chlamydia trachomatis
serovars. Cpneumoniae antibody has been found in 25% to
50% of adults in eight different areas of the world.1-6 9-12
C pneumoniae antibody is infrequently found in children
younger than 5 years, and the prevalence increases sharply
during the ages of 10 to 30 years and persists into old
age. 1,13-17

In this article we report the results ofa prospective, cross-
sectional, descriptive study designed to determine the inci-
dence and pattern of C pneumoniae lower respiratory tract
infections in a university population.

Subjects and Methods
Subjects

All subjects were students at the University of California,
Berkeley, between the ages of 18 and 35 years who were seen

at the Student Health Service from March 1987 to March
1988. Two groups of subjects were studied. The "symptom-
atic" group included those subjects who had lower respira-
tory tract illness defined by one of the following criteria:
cough, shortness of breath, chest pain, breathing fast, or
hoarseness. The "asymptomatic" group included subjects
who were seen at the same general medical clinic as the
symptomatic subjects and presented with a variety of acute
medical complaints. The asymptomatic group served as con-
trols because they had not had a febrile or respiratory illness
within the past two weeks. Students were excluded if they
had received antibiotics within the previous three weeks. The
symptomatic and asymptomatic groups were enrolled simul-
taneously throughout the year.

Power calculations were carried out to determine the nec-
essary sample size. With a power of 0.9 and a predicted 10%
difference in prevalence of Cpneumoniae between the symp-
tomatic and asymptomatic groups (15% versus 5%, respec-
tively), 200 subjects would be required in each group.

Institutional approval regarding the participation of hu-
man subjects was obtained. Informed consent was obtained
before enrollment in the study. A self-administered question-
naire was completed and a physical examination was done on
each symptomatic patient.

Specimens
Three specimens from the posterior oropharynx were ob-

tained from each symptomatic subject. One specimen was
placed in chlamydia collection medium. 8 The second speci-
men was placed in viral transport medium,'9 and the third
was smeared on a microscopy slide and fixed for the Ortho
Chlamydia Direct Detection fluorescent-antibody collection
kit. This method uses a fluorescein-conjugated monoclonal
antibody to a genus-specific chlamydial antigen for detecting
chlamydial elementary bodies.20
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A single swab of the posterior oropharynx was obtained
from each asymptomatic subject and placed in chlamydia
collection medium.18

Cultures for C trachomatis of specimens from the cervix
and male urethra were not done.

Serology
Serum specimens of the acute and convalescent phases

were drawn four weeks apart. Attempts were made to obtain
both serum specimens from all patients. The microimmuno-
fluorescence test2l with immunoglobulin (Ig) M and IgG
conjugates22 was used for both the acute and convalescent
serum. The antigens used included elementary bodies of all
15 C trachomatis serovars23 and the C pneumoniae strain
TW183. Serologic evidence ofa recent infection was defined
as a fourfold rise in antibody titer or a titer of 1:32 or greater
in the IgM serum fraction. Serologic evidence of a previous
infection was defined as a titer that was greater than 1: 16 in
the IgG serum fraction.

Isolation
Chlamydia pneumoniae and Chlamydia trachomatis. All

specimens were processed in a cycloheximide-treated Mc-
Coy cell system.24 A blind passage was done four days after
inoculation. Cover slips for both passages were assessed for
inclusions using a genus-specific, fluorescein-conjugated
monoclonal antibody. Selected specimens (those from pa-
tients with high antibody levels) were also inoculated into
HeLa cells and the yolk sac of embryonated hens' eggs and
processed using standard procedures for identification of
chlamydiae. 18

Mycoplasma pneumoniae and respiratory viruses. Isola-
tion and complement-fixation tests for Mycoplasmapneumo-
niae, influenza viruses A and B, respiratory syncytial virus,
adenovirus, Q fever, parainfluenza virus types 1, 2, and 3,
and chlamydia were carried out by the Viral and Rickettsial
Disease Laboratory, California Department of Health Ser-
vices, using standard methods.'9

Results
A total of 259 subjects were recruited, 151 with lower

respiratory tract illness and 108 control subjects. The pro-
portion of all students seen at the Student Health Service with
respiratory infection during this study period is unknown.
About 5% refused enrollment because of time constraints or
refusal of venipuncture or both. Of the 259 participants,
96. 1% returned for a follow-up titer. Subjects ranged in age
from 18 to 35 years, with a mean of 22.2 years (SD = 3.6).
The study population was 55.2% men and 44.8% women.

Of the 151 subjects with lower respiratory tract illness, 2
(1.3%) had serologic evidence of an acute or recent Cpneu-
moniae infection. The Cpneumoniae organism was not iso-
lated from either of these patients. There was neither sero-
logic evidence of an acute C pneumoniae infection nor
positive oropharyngeal cultures in the asymptomatic or con-
trol group.

The following reports describe the cases of two patients
with serologic evidence of an acute Cpneumoniae infection.

Case I
The patient, a 19-year-old woman, sought care in Octo-

ber 1987 because of a sore throat, fever, and cough. The
cough began about a month before her visit and was noted to

be productive ofyellow mucoid sputum. She also had hoarse-
ness and "red eyes." The patient said she did not smoke. She
lived in a campus dormitory and had no contact with birds or

animals.
On physical examination, her vital signs were stable and

she was afebrile. The conjunctival linings of both eyelids
were red and injected. There was slight tearing without mu-
copurulent discharge. Her pharynx was erythematous with a
small amount of exudate on the right tonsil. She had an
occasional expiratory wheeze on auscultation. Her leukocyte
and differential counts were normal. No chest radiograph
was taken. The patient was treated with a regimen of 1 gram
per day of erythromycin ethylsuccinate for 10 days, returned
for her repeat serum specimen 34 days after her initial visit,
and was subsequently lost to follow-up.

Case 2
The patient, a 25-year-old woman, was seen in November

1987 because of fever, sore throat, hoarseness, and cough for
six days. Her cough was productive of clear mucus. A few
days before her visit to the Student Health Service, shortness
of breath developed. The patient said she did not smoke
cigarettes. She shared an apartment with other students, all
ofwhom were healthy. This patient did not have pets or work
with animals.

On physical examination, her vital signs were stable and
she was afebrile. Her voice was hoarse. The conjunctival
linings of both eyelids were red and injected but without
discharge. On auscultation there were diffuse rhonchi
throughout the bases of both lung fields. The findings of the
examination were otherwise entirely normal. A chest radio-
graph and blood work were not done, and a regimen of
doxycycline hyclate, 100 mg twice a day for seven days, was

started. She returned for her second serum specimen 27 days
after her initial visit. No follow-up was documented.

The results of both of these patients' oropharyngeal cul-
tures and the acute and convalescent serum specimen values
to C pneumoniae antibody are shown in Table 1. Both pa-
tients were from the symptomatic group. No other etiologic
agent was identified in either case.

This university study population included 123 subjects
(47.5%) with IgG antibodies to Cpneumoniae. Of these, 74
(49.0%) were from the symptomatic group and 49 (45.4%)
were from the control group. Antibody to Cpneumoniae was
slightly more common among men (49.7%) than women

(44.8%) (Table 2). The C pneumoniae organism was not
isolated from any of the subjects. Similarly, all the oro-

pharyngeal specimens tested with the direct fluorescent anti-
body stain for Cpneumoniae had negative results.

Evidence of antibody to C trachomatis was found in one
subject, a 35-year-old woman, in the acute-phase serum. An

T-ABE 1 ¢Rsltof Tests on oAcue nd ConvaeseWSeru
and Orharyngeol Cultuein Patients With Lower

RespiratoryTract llnes and Acute Chlam;ydia;00X f0X000 -- f 0pneunnieAntbody'00;t 0 00;0

Antibod Antiody toPatiEn.'t:' a/o oculco' ,Res ', 5.0aults AgEnts

1.1....>256164 128112 N~,egative No'ne
2.......01128 1281::256 Negative None

Acute titerveXs: convalescent titer.
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IgG antibody to C trachomatis was found in 75 (28.9%)
participants, 45 of them from the symptomatic group. There
were 32 (42.7%) men and 43 (57.3%) women with IgG anti-
body to C trachomatis. This organism, however, was not
isolated from the oropharynx of any of the 259 subjects.

The results of the microimmunofluorescent antibody test
with Cpneumoniae and C trachomatis antigens are shown in
Table 2.

The results of all studies for the respiratory viruses M
pneumoniae and Cpneumoniae in the symptomatic subjects
are shown in Table 3. There were 31 (20.5%) symptomatic
subjects who had an identifiable cause for their lower respi-
ratory tract illness. No patient had evidence of infection with
more than one organism. Mpneumoniae occurred through-
out the study period. The seven cases of influenza B virus
occurred in February and March 1988. Because of this high
incidence, we decided to run the complement fixation sero-
logic test for influenza B virus on the specimens of all control
subjects who enrolled in the study during this time. There
was no serologic evidence of recent infection due to influenza
B virus in the control group.

Discussion

Lower respiratory tract disease caused by Chlamydia
pneumoniae has been shown to occur in endemic or sporadic
patterns, and reports on military and civilian populations
have suggested that Cpneumoniae may have both a low back-
ground rate of endemic infection and a cyclic epidemic pat-
tern.1-6,9,10 Kleemola and colleagues reported on four
epidemics ofpneumonia in military trainees in Finland from
1957 to 1985.4 The pneumonia attack rate was similar in all
four epidemics, ranging from 60 to 84 per 1,000 men. Each
epidemic lasted five to seven months, and they occurred
during all seasons of the year.4 During civilian epidemics,
49% to 71% of patients with pneumonia having positive com-
plement fixation tests and thought to have psittacosis actually
showed evidence of current C pneumoniae infection, com-
pared with only 10% to 20% in nonepidemic years.6 It is
unwise to assume that this is the case in all populations and
geographic areas, however. In a study of Seattle college stu-
dents, approximately 20% of patients with pneumonia had
evidence of Cpneumoniae infection.'

Based on this and the Scandinavian reports,6 this organ-
ism would be expected to be a common cause of pneumonia.
This certainly was not the case in our study. Only two sub-
jects with lower respiratory tract illness had serologic evi-
dence of a recent Cpneumoniae infection. In neither did the
organism grow in culture. We did find a high seroprevalence
of antibody to Cpneumoniae despite the paucity of evidence
of recent infection. This raises the possibility of a cyclic

pattern of infectivity for this organism. One of the limitations
of this study is that we observed this population only over a

year. Evidence for the cyclic nature of C pneumoniae infec-
tion would probably be much stronger had we been able to
continue this study over several years.

Studies of the antibody response in isolation-proven C
pneumoniae infection have shown that the timing of serum

specimens is critical to the serologic diagnosis of Cpneumo-
niae infection. Two patterns of antibody response to the C
pneumoniae organism have been reported. That seen in
younger patients consists of a diagnostic titer in the IgM
serum fraction that appears after three weeks from the start of
symptoms. The IgG response in this group usually does not
appear before six weeks from the occurrence of symptoms.
The second pattern of antibody response is seen in older
persons and is presumed to be associated with secondary
infection or reinfection with C pneumoniae. An antibody
response to Cpneumoniae in the IgG fraction appears much
sooner. If the IgM fraction is positive, it tends to be at a low
titer (32 or 64).3 We attempted to obtain all our follow-up
titers at four weeks from the initial visit. The time span
between the acute and convalescent titers in this study ranged
between 20 and 103 days. The mode and median number of
days were 28 and 29, respectively. Some change in IgG anti-
body may have been missed because patients had their conva-
lescent serum specimen drawn earlier than six weeks.

Previous reports have concluded that respiratory infec-
tion with C pneumoniae in ambulatory adolescents and
young adults is a poorly recognized clinical disorder,3'5'2526
probably because of its mild and nonspecific clinical presen-
tation. The infection may be completely asymptomatic.25
The clinical features of the two persons with serologic evi-
dence of acute C pneumoniae infection in this study were

those of a mild lower respiratory tract infection. In the study
by Grayston and associates, pneumonia associated with C
pneumoniae was described as being clinically similar to that
caused by Mycoplasma pneumoniae.l In fact, infection with
Cpneumoniae has been described as an atypical pneumonia
perhaps mistakenly treated as Mpneumoniae. I In the Scandi-
navian epidemic of 1981 to 1983, it appeared that those with

TABLE 2.-Results of the Microimmunofluorescent Antibody
Test With Chlamydia pneumoniae and Chlamydia
trachomatis Antigens in 259 University Students

No. of Patients (111,)
SymWptomati, Asymptomatic, Men, Women,

Antibody n =151 n =108 n = 143 n = 116

C pneumonioe
Acute..2.(1. 0 0 2 (1.7)
Chronic ......74 (49.0) 49 (45.4) 71 (49.7) 52 (44.8

,C trochomotis
Acute... 1 (0.66) 0 0 1 (0.9)
Chronic ....... 45 (29.0) 30 (27.8) 32 (23.4) 43 (37.1)

TABLE 3.-Laboratory Results of 151 Subjects With Lower
Respiratory Tract Illness

Etiologic No. of Subjects,
Agent n = 151 Diagnostic Tests'

Mycoplasma pneumoniae 11 Serology
Influenza B 3 Serology and Culture,

2 Culture
2 Serology

Parainfluenza
type 2 2 Culture

Respiratory syncytial virus 2 Serology
Parainfluenza

type 1 1 Culture
Influenza A 1 Serology
Adenovirus 1 Serology
Herpesvirus simplex

type 1 1 Culture
Rhinovirus

type 13 1 Culture
type 41 1 Culture
type 71 1 Culture

SerologyChlomydia pneumonioe 2
Total 31

All serologic tests done by complement fixation.

138



THE WESTERN JOURNAL OF MEDICINE * AUGUST 1991 * 155 * 2

TWAR antibody titers suggestive of current infection had
diagnoses similar to those without the antibody.6 During the
Finnish pneumonia epidemic caused by C pneumoniae, the
conscripts had relatively mild illnesses and none were re-
ported to be life-threatening.4 It now seems possible that in
these studies, much of the lower respiratory tract illness as-
cribed to other respiratory pathogens was actually due to C
pneumoniae. Furthermore, it is likely that subclinical infec-
tions are caused by this organism, as are other chlamydial
infections.2" The asymptomatic group in our study, however,
had no evidence of acute C pneumoniae infection.

Cpneumoniae is a difficult organism to culture. Meticu-
lous care with suitable equipment was taken during all stages
of obtaining and transporting specimens. Recent reports have
suggested that nasopharyngeal specimens and identification
of Cpneumoniae is a better technique than taking oropharyn-
geal specimens, as used in this investigation.28 Furthermore,
HL cells have been shown to be an excellent cell culture
system for laboratory propagation of C pneumoniae when
compared with other cell lines (such as McCoy, HeLa-229,
or BHK-2 1) and may also be a more sensitive cell line for the
initial identification.29

In our study population, C pneumoniae antibody was
more common than antibody to Chlamydia trachomatis.
Furthermore, the C pneumoniae antibody was slightly
more common in men than in women (Table 2). Antibody
to C trachomatis, on the other hand, was more com-
mon in women. These findings have been reported in other
populations."13"13

C trachomatis is known to be a respiratory tract pathogen
in children younger than 6 months and in immunocom-
promised hosts.30'31 Earlier serologic studies found an asso-
ciation of community-acquired pneumonia and pharyngitis
with C trachomatis, but there were no attempts to isolate C
trachomatis from the oropharynx in any of the subjects in
these studies.32'33 It appears that some ofthe serologic results
indicating C trachomatis involvement in pneumonia or phar-
yngitis might in fact reflect Cpneumoniae antibody. We have
found that many (but not all) of the seropositive cases repre-
sent cross-reactivity with Cpneumoniae antigens and proba-
bly represent infection with Cpneumoniae, rather than with
Ctrachomatis.34 At the time ofthe study by Komaroffand co-
workers, Cpneumoniae had not been identified. Our study,
however, found no evidence that C trachomatis causes lower
respiratory tract infections. C trachomatis was not identified
in the oropharyngeal specimens from any of the subjects.
Although studies have found that C trachomatis can cause
3.5% to 6.3% of pharyngitis cases in the adult popula-
tion,35'36 Cpneumoniae is probably a more common cause of
pharyngitis. Only 1 of our 259 subjects had serologic results
suggestive of a recent C trachomatis infection. This 35-year-
old woman was contacted and subsequently referred to her
physician for follow-up and treatment.

There is still much to learn about the C pneumoniae or-
ganism. The epidemiology and annual changes in occurrence
of Cpneumoniae are still poorly understood. Further studies
and better diagnostic techniques will help determine the clin-
ical spectrum and the epidemiology of this infection.
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